The effects of transport perturbations on the homeostasis of erythrocytes.
The control of erythrocyte volume, pH, membrane potential and ion content results from the interaction of many passive and active transport systems, cytoplasmic buffers, and from the charge and osmotic properties of haemoglobin and other impermeant solutes. The complexity of the system is such that the understanding of cell responses to experimental, physiological and pathophysiological challenges is beyond intuitive grasp. Mathematical models of erythrocyte and reticulocyte homeostasis have delivered a wealth of novel and unexpected predictions that have been confirmed experimentally. Those concerning effects of Ca(2)+ and K+ permeabilization on cell volume, pH and osmolality have helped solve long-standing issues on the pathophysiology of sickle-cell dehydration and will be briefly reviewed here. To study the effects of parasite growth and of new permeation pathways (NPP) on host cell homeostasis, we have developed a model of a Plasmodium falciparum- infected erythrocyte. Modelling NPP to fit reported changes in both Na+/K+ fluxes and gradients predicted large variations in host cell haemoglobin concentration, [Hb]. However, preliminary estimates seem to indicate that host cell [Hb] is conserved throughout the parasite's asexual cycle, suggesting that the properties of the NPP vary in subtle, stage-dependent ways.